Abstract: Although Cyprideis torosa is one of the most studied ostracods, its ecophenotypic variability has always impeded a clear definition of its carapace morphology. As a consequence, it is often difficult to identify this species in fossil material and very little is known about its phylogenetic origin. In this paper, we attempt to answer two main questions: when and from what species did C. torosa originate? To reach this goal we first analysed living and Recent populations of C. torosa collected from different salinity environments to define its variability. We found that the valve outline, the size of rounded normal sieve pores and the percentage width of the anterior inner lamella seem to vary independently of salinity. Secondly, to look for possible ancestors we analysed several Neogene species and found that Cyprideis sp. from the mid-Serravallian of Spain could possibly be the common ancestor of the Late Miocene Mediterranean and Lake Pannon lineages and that C. torosa is strictly linked to the Mediterranean stock, particularly to the phyletic lineage C. ruggierii-C. crotonensis. In this framework Cyprideis gr. torosa originated in the late Tortonian and C. torosa s.s. is thought to have been differentiated from C. crotonensis at the beginning of the Calabrian.
Mesocyprideis, Romecytheridea, Tanganyikacythere - Wouters & Martens 2007; Schön & Martens 2012) . Furthermore, two endemic species (C. stenopora Triebel and C. pedashenkoi (Daday)) have been recovered, respectively, from the Galapagos Islands (Sandberg 1964) and the Lake Issyk-Kul (Kyrgyzstan, Central Asia). Cyprideis torosa (Jones) displays the largest geographical distribution among all Cyprideis, namely in coastal oligo-miohaline (brackish) waters of Europe, Asia and Africa (Meisch 2000; Wouters 2002 Wouters , 2016 .
According to van Harten (1990) the wide dispersal area of some living species (C. salebrosa, C. beaconensis and, in particular, C. torosa) is mainly due to passive dispersal by birds, and that author envisages in their shallow-water preferences and brood-care the main characters that enhance their potential to survive temporary hostile conditions during transport. Van Harten (1990) suggests that the extraordinary potential of endemic speciation of the genus Cyprideis, particularly in the brackish Lake Pannon, could be due to adaptations to deep environments that, on one side, would provide new ecological niches and, on the other, could have prevented the geographical dispersal of the species. Such a hypothesis seems to be at least plausible since the Recent Tanganyika species flock, according to Wouters & Martens (1994 , 1999 , could be due to bathymetric segregation. Moreover, this hypothesis is also in agreement with the occurrence of three endemic Cyprideis species in the brackish and rather deep Late Miocene Baccinello lacustrine basin (Tuscany, central Italy) (Ligios et al. 2008 Ligios & Gliozzi 2012) .
At present, C. torosa seems the only living ostracod species of the genus in the Palaearctic region that inhabits freshwater, brackish or even hyperhaline waters where salinity can reach up to 200‰ (Aladin & Potts 1996; Gamenick et al. 1996 ; for details of C. torosa geographical distribution see the article by Wouters (2016) ). Although it is one of the most studied ostracod species due to its great phenotypic plasticity and value as a (palaeo)ecological and geochemical proxy for reconstruction of past marginal-marine, freshwater and hyperhaline environments, its origin is still unknown. According to Decima (1964) , C. torosa was derived from Cyprideis tuberculata Méhes during the Messinian, while van Harten (1990) suggests its Pliocene origin from the Mediterranean C. agrigentina Decima. This paper attempts to shed light on the time of appearance and the evolutionary history of this species through the re-definition of its specific diagnostic characters and comparison with similar species from the Neogene of the Mediterranean and Paratethys.
Cyprideis torosa: shell description
The taxonomic history of Cyprideis torosa is somewhat confused. First, Sandberg (1964) and, most recently, Kempf (2016) gave a Fig. 1 . Detailed morphological characters of Cyprideis torosa and biometric ratios analysed in this paper: a/b × 100 = percentage width of the anterior marginal area on the total length of the valve; c/c + d × 100 = percentage length of the posteromedian element of the hinge on the total posterior denticulated area. The hinge is defined as peripheral when the teeth overpass the dorsal border, sub-peripheral when they are near the dorsal border, internal when they are well below the dorsal border. Scale bar 0.1 mm. All specimens are from Lake Trasimeno, sample PAN 8.
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The Neogene Mediterranean origin of C. torosa thorough historical overview of the nomenclature and taxonomy of the genus and species that have been definitively accepted since Sars (1925) but still continue to be confused. A thorough synonymy of Cyprideis torosa until 1962 is reported by Sandberg (1964) . It is worth noting that Cyprideis pedashenkoi Daday, considered by Sandberg (1964) after Klie (1937) and Lindroth (1953) to be a synonym of C. torosa, and indicated by Kempf (2016) as a possible subspecies of C. torosa, has been revised recently by Schornikov (2015) and definitely separated as an endemic species of Lake IssykKul (Kyrgyzstan) on the basis of the morphology of the soft parts.
But, which are the shell characters peculiar to Cyprideis torosa that can be used to distinguish it from other Cyprideis species? This is the basic question that must be answered before any debate on its origin and time of speciation. Wagner (1957) , Sandberg (1964) and Decima (1964) gave detailed descriptions of the shell of Cyprideis torosa, but these concern general features that could be referable also to other fossil Cyprideis species, as Cyprideis agrigentina Decima, Cyprideis ruggierii Decima and Cyprideis crotonensis Decima (Ligios & Gliozzi 2012 ) are all very similar to C. torosa. Herein we will describe some particular features of the C. torosa shell, derived from living or sub-fossil specimens sampled from different salinity environments, in order to include the complete ecophenotypical variability of the species.
The studied samples were collected from two low oligohaline athalassic lakes in central Italy (Lake Massaciuccoli in Tuscany and Lake Trasimeno in Umbria, with salinities, respectively, of 0.5 and 0.9‰), three marginal-marine environments in Spain (Valencia, Baldovi and Santa Pola with low mesohaline salinities) and in Morocco (Tahadart, low mesohaline salinity) and four hyperhaline salt pans at Trapani (Sicily) (Maria Stella, Galia, Salinella and Bella, with calculated salinities respectively of 44, 61, 70 and 80‰) (the brackish-water classification follows the Venice System of Remane & Schlieper 1958). Superimposition of the mean outlines of C. torosa from Lake Trasimeno (0), Lake Massaciuccoli (1, blue in online version), Bella salt pan (2), Galia salt pan (3), Maria Stella salt pan (4), Salinella salt pan (5), Valencia (6), Santa Pola (7), Tahadart (8) and Baldovi (9) in (a) 'not normalized for area' and (b) 'normalized for area' modes (MORPHOMATICA outputs have been realized with 6 iterations; in (a) the delta vector scale is 6, in (b) the delta vector scale is 4). Scale bar 0.1 mm. (c) nMDS plot in 'normalized for area' mode. (d) Dendrogram of the cluster analysis (Euclidean distance measure and the unweighted pair group method using arithmetic average -UPGMA) in 'normalized for area' mode. (e) Results of the analysis of similarities (ANOSIM) pairwise tests in 'normalized for area' mode. Significance level for all the tests P < 0.1%.
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On this bulk of individuals we carried out several detailed observations, morphometric measurements and analyses, such as the lateral valve outline and size (Supplementary material, table 1), the percentage presence of anterior denticulation on the anterior margin and of postero-ventral spine(s) in the postero-ventral margin, the diameter of rounded normal sieve-pores ( Supplementary   Fig. 3 . Results of the geometric-morphometric and multivariate analyses on the male right valve of different populations of living and recent Cyprideis torosa. (a, b) Superimposition of the mean outlines of C. torosa from Santa Pola (0), Tahadart (1), Bella salt pan (2), Galia salt pan (3), Maria Stella salt pan(4), Lake Massaciuccoli (5, blue in online version), Salinella salt pan (6), Lake Trasimeno (7) in (a) 'not normalized for area ' (b) and 'normalized for area' modes (MORPHOMATICA outputs have been realized with 6 iterations; in (a) the delta vector scale is 6, in (b) the delta vector scale is 1). Scale bar 0.1 mm; (c) nMDS plot in 'normalized for area' mode; (d) Dendrogram of the cluster analysis (Euclidean distance measure and the unweighted pair group method using arithmetic average -UPGMA) in 'normalized for area' mode; (e) Results of the analysis of similarities (ANOSIM) pairwise tests in 'normalized for area' mode. Significance level for all the tests P < 0.1%. 
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The Neogene Mediterranean origin of C. torosa material, table 2), the number of marginal pore canals, the shape and size of the mandibular scar (Supplementary material, table 3), the position of the hinge relative to the dorsal margin, the shape of teeth on the anterior and posterior elements of the left valve (LV) hinge, the number of teeth on the anterior and posterior elements of the LV hinge; the percentage of the denticulated postero-median element length of the LV hinge compared with the total posterior elements, the width of inner lamella on the anterior margin compared with the total length of the valve, using a stereomicroscope in transmitted light and a scanning electron microscope (Fig. 1) . The geometricmorphometric analyses of the outline of the right female and male valves were performed using the software TPSdig (Rohlf 2009 ) to digitize the images, the B-splines algorithm to approximate the outlines (Baltanás & Danielopol 2011) , the software MORPHOMATICA v. 1.6.01 (Linhart et al. 2007) to compare them and the software PRIMER (Clarke & Gorley 2006) to elaborate statistically the results of the Euclidean distance matrix obtained by MORPHOMATICA.
As in any other population of animals, superimposed nonnormalized mean outlines of C. torosa adult populations differ in size, the smallest being about 77% of the size of the biggest individuals (Figs 2a and 3a) . Superimposed normalized mean outlines show that a small disparity in outline is expressed in both sexes at the anterior margin, anterodorsal margin in the area of the anterior hinge element, posteroventral margin and posterior part of the ventral margin (Figs 2b and 3b ). In addition, males display higher variability at the dorsal and posterior margin in comparison to the females and this variability is most pronounced between the males from Bella, Galia and Maria Stella salt pans.
Most individuals from all the sampled habitats occur in the centre of the normalized for area n-MDS plot (Figs 2c and 3c ). Some specimens fall out of this cloud (showing a greater morphometric distance). They were collected in the oligohaline Lake Trasimeno, the mesohaline Santa Pola and the hyperhaline Bella and Salinella samples in the case of females, and from the oligohaline Massaciuccoli marsh and the mesohaline Santa Pola locality in the case of males. This observation matches with the results of the cluster analysis which clearly separates three females from Bella and Santa Pola and four males from Massaciuccoli and Santa Pola (Figs 2d and 3d ). ANOSIM Pairwise test (Figs 2e and 3e) implies low morphometric differences between the measured individuals (Global R = 0.308 for females and 0.222 for males). The highest differences are between males from the oligohaline Massaciuccoli marsh v. the hyperhaline Maria Stella salt pan and the oligohaline Lake Trasimeno and the hyperhaline Bella salt pan (respectively R = 0.66 and 0.77) and females from the mesohaline Santa Pola locality v. the hyperhaline Salinella and oligohaline Trasimeno ones (respectively R = 0.53 and 0.68).
In conclusion, the males display larger morphometric variability in outline than females (see also Grossi et al. 2016) , but the morphometrical space in which this variability is expressed differs for the sexes from the same locality. Furthermore, Figures 2 (female right valve (RV)) and 3 (male RV), show that the valve outline is independent of the environmental salinity and only the shell size is somewhat affected by it, in that the oligohaline forms are slightly larger than the others and the hyperhaline valves are the smallest (see Boomer et al. (2016) for more details). Also, the diameters of the normal rounded sieve pores (Fig. 4 ) and the elliptical shape and size of the mandibular scar are not influenced by salinity (Fig. 5) .
In general, from Table 1 it is possible to observe that none of the considered characters are environmentally cued (at least for what concerns salinity) but not all of them can be considered valid characters to describe the shell of C. torosa. For example, the occurrence of posterior spine(s) and anterior denticulations in Figure 1 in the right valve is rather variable (as already observed by Ligios & Gliozzi 2012) as well as the maximum width of the anterior inner margin/max. length of the valve ratio. Thus, hereinafter we give a complete description of the carapace and valves of C. torosa, merging those from Wagner (1957) , Sandberg (1964) and Decima (1964) with our own observations. Shape Female (Fig. 6) The carapace is massive, subcuneiform in dorsal view, weakly to strongly inflated posteriorly due to the presence of the brood pouch, and with a more or less evident dorso-median sulcus, anterior end slightly pointed, posterior end broadly rounded. The left valve is 
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The Neogene Mediterranean origin of C. torosa Male (see Fig. 7 )
The carapace is longer than the female, being lanceolate in dorsal view, with sides nearly parallel and both ends slightly pointed. In lateral view the valves are elongated and sub-elliptical. The right valve shows broadly rounded anterior margin, gently arched dorsal margin, posterior cardinal angle marked by a gradual change in the slope, posterior margin flatly sloping, postero-ventral margin acutely rounded, and ventral margin straight. The left valve displays a flat dorsal margin slightly sloping down posteriorly, ventral margin straight to slightly concave below the central muscle scar field and postero-ventral margin more broadly rounded. The dorsomedian sulcus is generally weak and shallow.
Ornamentation Wagner (1957) , Decima (1964) and particularly Sandberg (1964) describe very accurately the surface ornamentation -the ecophenotypic characters of C. torosa that depend mainly on salinity (Fassbinder 1912; Triebel 1941; Wagner 1957; Van Morkhoven 1962; Carbonel 1988; van Harten 1996; Keyser & Aladin 2004; Keyser 2005; Frenzel et al. 2012 ) but can be induced by physiological and genetic changes as well (Kilenyi 1972; van Harten 1975b van Harten , 2000 Bodergat 1983 Bodergat , 1985 . It is just as important to note that the species displays ornamentation that ranges from smooth to punctate to faintly reticulated and noded (Fig. 7) . Below the threshold of 8-9 psu valves can be noded, and up to 8 nodes, although differently developed, occur at the exact locations indicated by Sandberg (1964) . The anterior margin of the right valve is without or with one to five small, sharp, widely spaced denticles. The postero-ventral margin of the right valve is without a spine or carries one, rarely two, rather strong spines directed postero-ventrally. Left valves are without anterior denticulation and posterior spines.
Internal characters (Fig. 1) The inner lamella is rather narrow, being widest on the anterior margin where its width varies from 5.8 to 6.9% of the total length of the valve; it is concave outwards at the postero-ventral margin of the right valve. A vestibule is absent. Approximately 30 -40 straight (very rarely bi-or trifurcated) marginal pore canals are found on the anterior margin, while those on the ventral margin are short and straight; they are characteristically thickened in the middle. The normal pore canals are all sieve-type, rounded, elongated or irregular in outline. The percentage of different sieve pore outlines is known as an ecophenotypic character, strictly linked to salinity (Rosenfeld & Vesper 1977; Pint et al. 2012) . Conversely, the dimensions of the rounded sieve pores seem to be unaffected by salinity. The adductor muscle scars are arranged in a vertical row of four scars. The antennal scar is V-shaped. Behind it, there is an evident sub-circular fulcral point. The mandibular scar is elliptical in shape. The hinge is quadripartite. On the right valve it is composed of an anterior denticulate element with 11 -15 trapezoidal sometimes bipartite teeth, a short median element with small sockets, a rather long posteromedian denticulate element and a posterior tooth plate with 5 -7 more or less quadrangular and sometimes bipartite teeth. The elements of the right valve are opposite to those of the left valve. Generally a faint rim is developed below the anterior element in the left valve.
Cyprideis torosa: origin
Although C. torosa is one of the most studied ostracod species, the time of its appearance and its ancestors are still unclear. The first author who attempted to depict its evolutionary history was Decima (1964) who suggested, in agreement with Pokorný (1952) , that C. torosa could be strictly linked to the Cyprideis heterostigma (Reuss) group from the Late Miocene Lake Pannon, in particular to Cyprideis sublittoralis Pokorny. In more detail, Decima (1964) supposed that a common ancestor (similar to Cyprideis ruggierii Decima) gave rise to two lineages, one including Cyprideis pannonica (Mehés), C. agrigentina Decima, C. crotonensis Decima, C. alberti Kollmann, and C. seminulum (Reuss) , the other with Cyprideis tuberculata (Mehés), C. gr. heterostigma and C. macrostigma Kollmann. Within this latter lineage, C. torosa originated in the post-evaporitic Messinian (three valves referred by him to Cyprideis torosa subsp. indet. from Eraclea Minoa succession in Sicily) (note that Ligios & Gliozzi (2012) referred those valves to the Messinian species C. agrigentina Decima). In her revision of Cyprideis from the Congeria Beds (Lake Pannon), Krstić(1968a, b) included in the 'group torosa' several species, among which were C. seminulum, C. pannonica and C. macrostigma, clearly stating that some of those species are intermediate between C. seminulum and C. torosa, particularly C. pannonica. According to Krstić(1968b) none of the species described by Decima (1964) from the Neogene of Italy were present in Lake Pannon.
In their revision of the Neogene Cyprideis of Italy, Ligios & Gliozzi (2012) included in the 'C. torosa group' the species 
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C. ruggierii, C. agrigentina and C. crotonensis on the basis of the strong morphological resemblance of the valve outline. According to Decima (1964) and Ligios & Gliozzi (2012) the latter three species are phylogenetically related and van Harten (1990) suggested that C. torosa could represent the Pliocene 'daughter' of the post-evaporitic Messinian C. agrigentina, although subsequently (van Harten (2000) , followed by Wouters (2002)), C. torosa was indicated to have originated in the Late Miocene.
To unravel the complex history of the origin of C. torosa we analysed in detail the morphology of C. pannonica, C. alberti, C. seminulum, C. sublittoralis, C. macrostigma, C. tuberculata, C. ruggierii, C. agrigentina, and C. crotonensis, comparing them with C. torosa. In particular we have analysed: (a) C. torosa living and Recent specimens from Italy, Spain and Morocco used to define the morphological characters of the species (see details above); (b) C. ruggierii, C. agrigentina and C. crotonensis specimens from Decima's original collection and Gliozzi's collection and database, also following the original descriptions of Decima (1964) and the revision of Ligios & Gliozzi (2012) ; (c) C. pannonica from preLake Pannon deposits (Middle Miocene), C. alberti, C. seminulum, C. sublittoralis, C. tuberculata and C. macrostigma, all from Lake Pannon and from Pipik's collection and database, also following the original descriptions of Reuss (1850), Méhes (1908) , Pokorný (1952) and Kollmann (1960) Table 4 . Table 2 summarizes some morphological characters of the examined species. It is rather evident that some of those characters, such as the number of teeth in the hinge, the anterior denticulations and the number of marginal pore canals, display a great intraspecific variability, thus do not seem to be clearly species-specific, while others, such as the mandibular scar shape, width of the inner lamella on the anterior margin, presence of posterior spine on the left valve, are rather similar in all the species and typical of the genus. Finally, very few of them could be useful differentiating characters: the diameter of the normal sieve pores (Fig. 8) , which clearly separates the Cyprideis from Lake Pannon from those of the Palaeomediterranean and Mediterranean species, and the valve dimensions, C. macrostigma, C. crotonensis and C. torosa being among the largest species (Table 3) .
Since most of the taxonomic papers dealing with Cyprideis (Pokorný 1952; Kollmann 1960; Krstić1968a, b; Bassiouni 1979; Gross et al. 2008 Gross et al. , 2014 Ligios & Gliozzi 2012 ) base the specific distinction within the genus mainly on the form of the valves (i.e. their shape and size according to Danielopol et al. 2011) , we have applied the geometric-morphometric analysis to the female right valves of Cyprideis sp. (Spain), Cyprideis sp. (Croatia), C. pannonica, C. alberti, C. seminulum, C. sublittoralis, C. ruggierii, C. agrigentina, and C. crotonensis, comparing them with C. torosa and we have processed the obtained results through ANOSIM pairwise tests and nMDS analysis.
According to ANOSIM analysis (Fig. 9a) , the Lake Pannon C. seminulum is statistically dissimilar from all the examined species and C. alberti is dissimilar from all except C. sublittoralis. Conversely, Lake Pannon C. pannonica displays similarities with all the remaining species which, in their turn, are not statistically separated from each other. Similarly, the nMDS plot (Fig. 9b) shows a clear separation of C. seminulum and C. alberti from the other species. If we ideally trace an oblique line which divides the plot of Figure 9a into low left (A) and high right (B) triangular areas it is possible to observe that the Lake Pannon species are roughly located in B, while the Palaeomediterranean species are mainly in A. Cyprideis sp. from Spain and C. pannonica dots are mainly The ANOSIM pairwise tests and the nMDS analysis seem to support the clear separation between the Palaeomediterranean and Lake Pannon species proposed by Krstić(1968b) . Furthermore, the distribution of Cyprideis sp. from Spain (mid-Serravallian) and C. pannonica (latest Serravallian) at the boundary between areas A and B suggest that the former could represent the ancestor of both the Palaeomediterranean and Lake Pannon lineages and that the latter could be at the origin of the adaptive radiation of Cyprideis in the Paratethyan realm. This hypothesis is not inconsistent with present knowledge about the palaeogeography of both areas during the Middle and Late Miocene. According to the most recent palinspastic reconstructions of the Neogene of the Tethys area (Popov et al. 2004 (Popov et al. , 2006 Neubauer et al. 2015a, b) , during Middle Miocene up to mid-Serravallian time the western and eastern sector of the basin were connected to the north, through the south Alpine corridor, whereas during the late Serravallian the corridor closed, giving rise to the spectacular adaptive radiation of endemic species in Lake Pannon.
In this framework, C. torosa would be linked to an exclusively Palaeomediterranean phyletic lineage, starting from Cyprideis sp. from Spain through C. ruggierii and C. crotonensis, contradicting both the hypotheses proposed by Decima (1964) and Krstić(1968a, b) . The record of C. torosa in the Sarmatian of Bulgaria (Stancheva 1963 as C. littoralis) should be discarded or checked carefully.
The time of the first occurrence of C. torosa is still a matter of debate. There are several records of C. torosa or Cyprideis ex gr.
torosa during the Neogene (Italy -e.g. Ruggieri 1958; Bossio et al. 1993 Bossio et al. , 1994 Bossio et al. , 1997 Sarti & Testa 1994; Paratethys -e.g. Agalarova et al. 1961; Bodina 1961; Mandelstam et al. 1962; Karmishina 1975; Stoica et al. 2013; van Baak et al. 2016) . The Italian specimens were checked by Ligios & Gliozzi (2012) and proved to be referable to C. agrigentina. Unfortunately, we were unable to check the eastern Paratethyan material.
If our hypothesis that C. torosa is derived from C. crotonensis is correct, we must take into account that the morphometric differences between C. torosa and C. crotonensis are subtle (Table 2 ) (C. crotonensis shell is thicker, the dorso-median sulcus is less marked, the outline is slightly more convex in the middle ventral margin, sometimes there are anterior denticles on the left valve, the rounded normal pore canals are slightly smaller on average, the rim below the anterior element of the left valve hinge is thicker, the anterior inner margin is proportionally wider). Thus, the distinction between the two species requires well-preserved and abundant specimens and a detailed analysis. At present, such data are available only for some Pleistocene populations of central Italy: the Gelasian specimens from Dunarobba (Tiberino Basin) (Gliozzi unpublished material) and Case Strinati (Rieti Basin) (Barberi et al. 1995; Gliozzi & Mazzini 1998) , and the Calabrian recoveries from S. Faustino (Tiberino Basin) (Ambrosetti et al. 1995) and Pietrafitta (Umbria) (Gliozzi unpublished material) . Although the normalized outlines of those species are completely superimposed (Fig. 10) , as shown in Figure 11 , Dunarobba and Case Strinati specimens display thick shells, a faint dorso-median sulcus, a conspicuous rim below the anterior element of the hinge, a relatively broad inner lamella on the anterior margin (respectively 7 and 6.9%), and small rounded 
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sieve pores (on average respectively 12.4 and 11.9 μm), thus they could be referable to C. crotonensis. Conversely, S. Faustino and Pietrafitta specimens show thin shells, a marked dorsal sulcus, a faint rim, a narrower inner lamella on the anterior margin (6.4% for S. Faustino specimens), and larger rounded sieve pores (on average, respectively 14.8 and 15.8 μm), more similar to C. torosa. The present analysis, limited to some Italian populations, suggests that C. torosa could have first occurred in the Early Pleistocene (Calabrian) in the Mediterranean area. In summary, our research is still in need of further studies on more fossil specimens from Eurasia. At the moment, with the available data, we propose a Palaeomediterranean origin of C. torosa and we suggest two possible hypotheses. (1) If we accept the specific distinction of C. ruggierii, C. agrigentina, C. crotonensis and C. torosa (according to Decima (1964) and Ligios & Gliozzi (2012) ), we propose a gradual evolution along this phyletic lineage and suggest a younger, Early Pleistocene origin for C. torosa, with the first occurrence at the beginning of the Calabrian. (2) If we consider that the subtle morphological differences of the shells of those four species are insufficient to separate them into valid species but, at least, they mirror only chronosubspecies or minor variations of different populations along time, we can trace back the origin of Cyprideis gr. torosa or C. torosa to the Miocene (late Tortonian).
Further analyses are needed on more Plio-Pleistocene fossil Cyprideis to accept or discard one or the other of the hypotheses.
Conclusions
The detailed morphometric analyses carried out on different Cyprideis torosa populations collected from several waterbodies with different salinities (oligohaline, mesohaline, hyperhaline) showed that, apart from the well-known salinity-cued polymorphism of some morphological characters, such as size, ornamentation and normal sieve pore shape (see among others Frenzel et al. 2012 with references; Pint et al. 2012 with references; Boomer et al. 2016) , it is possible to define some other characters that seem genetically fixed and not salinity-dependent. Among these, and one of the most important, is the valve outline, particularly in females, but also the size of the rounded normal sieve pores and the proportion of the width of the anterior inner lamella, which displays a 'normal' intraspecific variability. The recovery of these characters could be useful for recognizing the species when fossil and the soft parts are not available.
The valve outline, in particular, analysed using the geometricmorphometric approach and the multivariate analysis of the results, proved to be a very useful character for recognizing the similarities among species and for confirming that the typical 'torosa' group outline is recognizable among Palaeomediterranean Neogene species, while some Late Miocene Paratethyan taxa show statistically significant dissimilarities. The results of our analyses have shown that Cyprideis sp. from the mid-Serravallian of Spain (which appeared before the separation of the Palaeomediterranean Fig. 10 . Superimposition of the mean outlines of the female right valve of Pleistocene Cyprideis from sample DUN 3 from Dunarobba (red, contour 0), Case Strinati (grey, contour 1), Pietrafitta (blue, contour 2) and S. Faustino (green, contour 3) from MORPHOMATICA in 'normalized for area' modes. See online version for colour. 
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The Neogene Mediterranean origin of C. torosa and Paratethys domains) and C. pannonica from the latest Serravallian of pre-Lake Pannon (which appeared just after the separation), display rather similar outlines, although the species can be differentiated by the different diameters of the rounded sieve pores, the development of the rim below the anterior element of the left valve hinge and the different proportions of the two posterior elements of the left valve hinge. Furthermore, while Palaeomediterranean Late Miocene and Pliocene species, such as C. ruggierii, C. agrigentina and C. crotonensis, preserved a 'torosa' outline, Late Miocene Lake Pannon taxa, such as C. sublittoralis and, particularly, C. alberti and C. seminulum, show different outlines.
As a conclusion, we hypothesize that Cyprideis sp. from the midSerravallian of Spain could represent the ancestor of the two stocks and it split subsequently into C. ruggierii in the Palaeomediterranean domain and C. pannonica in the Paratethys domain. A huge amount of data will be necessary to define with certainty the time of appearance of C. torosa, since literature reports this species from a very wide geographical area and stratigraphic range. Ligios & Gliozzi (2012) have already studied several Italian fossil recoveries and concluded that all the Late Miocene (late Messinian) 'C. torosa' were misidentified and must be ascribed to C. agrigentina. In this paper, we have analysed some published and unpublished records of Cyprideis from Italian Plio-Pleistocene localities and concluded that, possibly, C. torosa appeared in the second part of the Early Pleistocene (Calabrian), being derived from C. crotonensis. The separation between these two species is often a difficult task, since, due to the variability of the fossil assemblages, they seem to grade one into the other and only the extreme morphotypes show diagnostic differences. So, it seems that the appearance of C. torosa in the Early Pleistocene (Calabrian) could just represent a 'starting' hypothesis and further analyses are needed on more Plio-Pleistocene fossil assemblages. On the other hand, it is possible also to consider that the C. ruggierii-C. torosa phyletic lineage is represented only by chronosubspecies. In this case, the appearance of C. torosa could date back to the Late Miocene (late Tortonian).
